Background-Constraint-Induced Movement therapy (CIMT) uses a variety of treatment components, including restricted use of the better upper extremity, to promote increased use of the contralesional limb for many hours each weekday over two consecutive weeks. The EXCITE Trial demonstrated the efficacy of this intervention for patients 3-9 months post-stroke who were followed for the next 12 months. We assessed the retention of improvements through 24 months.
Introduction
Constraint Induced Movement Therapy (CIMT) requires patients with stroke to undergo functionally relevant repetitive task practice with the paretic limb that includes shaping procedures for up to 6 hours each week day while the less affected wrist and hand are restrained during most waking hours.1, 2 This signature form of CIMT differs from "forced use"3, 4 in which the patient must use the impaired limb during restraint of the better limb, but without formalized training, and from modified CIMT5 representing a distributed form of practice with the patient wearing a restraint for 5 hours each week day for 10 weeks combined with periodic rehabilitation sessions.
CIMT has been applied to patients immediately after stroke6 and among chronic patients1, 7-13 with considerable success, provided that these patients demonstrated an ability to initiate extension movements at the wrist and fingers. 11, 14 The Extremity Constraint Induced Movement Therapy Evaluation (EXCITE) demonstrated that CIMT administered 3-9 months post-stroke, resulted in statistically significant and clinically relevant improvement in upper extremity function during the first year compared to those achieved by participants undergoing usual and customary care. 15 This study is the first randomized clinical trial to examine retention and improvements for the 24 month period following CIMT therapy in a subacute sample.
Methods

Study participants and procedures
Methodological details pertaining to the multisite EXCITE Trial have been published previously. 16 Briefly, seven sites participated in this study. At each site, participants first underwent telephone based initial screens ( Figure 1 ) to assess eligibility. On-site evaluations of 727 prospective participants allowed determination of whether they met higher or lower functioning status based upon established criteria. 14, 17 Higher functioning (HF) patients were required to actively extend the wrist at least 20° and the metacarpophalangeal and interphalangeal joints of each digit by at least 10° starting at a resting position with the wrist hanging over the edge of a table. Lower functioning (LF) participants were required to demonstrate at least 10° of active wrist extension, at least 10° of thumb abduction/extension, and at least 10° of extension in at least two additional digits. These movements had to be repeated 3 times within 1 minute.17 Participants were required to demonstrate adequate balance while wearing the restraint and during transfers to and from the toilet, and stand for 2 minutes, without additional support. Patients were also assessed using other functional and neuromuscular measures, which, along with exclusion and inclusion criteria are detailed elsewhere. 16 Potential participants were also required to score at least a 24 on the Mini-Mental State Examination18 and have medical clearance.
Study Design
The EXCITE Trial used a single masked cross-over design, with participants undergoing adaptive randomization to balance gender, prestroke dominant side, side of stroke, and level of paretic arm function across sites. Following baseline assessment, participants were randomized into groups receiving CIMT or usual and customary care. Usual and customary care was quite varied, ranging from minimal (no treatment) to varying amounts (application of orthotics; home and clinic-based occupational therapy; physiotherapy), but always exclusive of any CIMT. Provision of usual and customary care treatment options was tracked on a regular basis through periodic phone calls. Following a baseline evaluation, CIMT was delivered up to 6 hours per day, 5 days per week for 2 weeks. Subsequent evaluations were made after the two week period, and at 4, 8, and 12 months. Because the control group was crossed over to receive CIMT after one year, data from additional evaluations were gathered only with the participants receiving CIMT first at 12.5, 16, 20 and 24 months. While the primary outcome measures (see below) were assessed at each of these time intervals, the Stroke Impact Scale (SIS) was administered only at baseline, 4, 12, 16 and 24 month evaluations.
During CIMT, participants wore a padded, protective mitt that covered their less impaired wrist and hand, both in and out of the laboratory, thus preventing use of that limb to manipulate objects in the environment, while allowing voluntary or protective limb responses to unexpected loss of balance or simple support. The mitt was to be worn for 90% of waking hours for the two weeks of CIMT. During that time, patients underwent adaptive task practice (arm training based upon shaping principles19) or repetitive practice of a specific task, such as grooming or eating, performed continuously for 15-20 minutes. Behavioral techniques to promote adherence to mitt use and to assure safety while way from the research laboratory included provision of a participant behavioral contract, caregiver behavioral contract, monitoring compliance using a mitt-based compliance device, and homework assignments (for details see20).
Primary outcome measures
The Wolf Motor Function Test (WMFT) is a laboratory-based measure of upper extremity motor function, and consists of 15 timed movement tasks and 2 strength-based tasks. Improvements mean less time to complete tasks (or greater strength in the two force tasks). The timed tasks are arranged progressively to engage more upper extremity joints. The strength tasks involve upper extremities (raising a weight strapped on the arm to a box [WMFT-WTB]; hand dynamometer for grip strength [WMFT-GS]). The WMFT was administered at all 9 clinical assessment points. Each WMFT task is also assessed by masked raters from video records on a 6-point Functional Ability Scale (FAS) for quality of movement before and after the intervention and twice at two week intervals after one year. Summary measures for statistical analysis include the mean of timed tasks (WMFT-T), the number of items with times exceeding 120 seconds (WMFT-GT120) indicating that the task could not be completed, mean of the FAS (WMFT-FAS), WMFT-WTB, and WMFT-GS. Clinimetric properties of the WMFT have been determined21, 22 as have their attributes for the EXCITE Trial.23
The Motor Activity Log (MAL) is a structured participant interview assessing Amount of Use (AOU) and How Well (HW) participants perform 30 activities of daily living using the paretic arm outside the laboratory. Assessment is done on a 6-point scale. The MAL was administered to participants and available caregivers independently. Participants were evaluated at all 9 clinical assessment points. Among EXCITE participants, the MAL has shown reliability and convergent validity (r = 0.68)24 with the Hand Function domain of the Stroke Impact Scale (SIS)25 and with an accelerometer-based measure of arm activity outside the laboratory (r = .52).26 Summary measures for statistical analysis were the mean for both the AOU and HW components (MAL-AOU, MAL-HW).
Secondary outcome measures-The SIS, a full-spectrum health status and quality of life assessment, was administered at baseline and at months 4, 12, 16 and 24. This interview instrument measures changes in 8 impairment, function, and quality of life domains following stroke, plus an overall measure of physical function.25 Of the 9 domains, results for 4 (Domains 1, 2, 5, 8 and physical function) are presented in tables. Other secondary outcome measures include the MAL caregiver mean (MAL-C-AOU, MAL-C-HW) and ratio of number of items out of 30 with ratings greater than 3, indicating independent use of the limb and limb use exceeding the 50 % pre-stroke level (MAL-AOU-GT3, MAL-HW-GT3). Although analyses for these variables were performed, they are not presented since they are entirely consistent with MAL-AOU and MAL-HW results (results are available upon request).
Moderator factors-Key moderators were examined to determine the extent to which they mediated outcome measures over time. These variables included functional level, gender, and concordance of stroke. Functional level is defined above in Patients and Participants. Concordance of stroke is defined as either concordant (dominant hand is also stroke-affected hand) or discordant (dominant hand is not stroke-affected).
Statistical analysis
This paper examined data from participants randomized within 3-7 days of enrollment to receive CIMT immediately and followed their outcomes through 24 months to determine the extent to which improvements in primary outcome measures one year after CIMT 15 were retained through the 24 month endpoint. Mixed-model methods using PROC MIXED (SAS Institute, Cary, North Carolina, USA, 2006) were undertaken for the repeated measures analysis of values over time, using planned contrasts to address specific questions. Dependencies between values measured at different times were modeled with an AR(1) covariance structure. Means are least-square means from PROC MIXED. The long-term impact of training was evaluated using a multiple degrees of freedom (df) contrast comparing the pre-CIMT score (Baseline) against the mean of all post-CIMT scores (Mean Post-Training), which defines "improvement". Significance of the difference is done by repeated measures F test. Directionality of the difference, if significant, will be indicated by looking at relevant columns in Table 1 . To determine "retention", an estimate of the difference between the M12 (Month 12) and M24 (Month 24) values was computed from the repeated measures mixed model ANOVA. Retention means that either no change (maintaining the improvement post-training) or a significant further improvement between M12 and M24 occurred. A decrease in function from M12 to M24 meant there was no retention. A 95 % CI for the mean of all post-training time points was also included to further clarify plausible values. To examine the effects of the three moderating factors, the "improvement" and "retention" tests were repeated for each level of the moderator variable (simple main effect analysis). WMFT-T was analyzed both untransformed and with a log transformation to reduce skewness. All analyses used significance level α = .05. To clearly convey uncertainty, 95 % confidence intervals were included on tables as appropriate.
Role of funding sources
The granting agency for this study had no role in study design, data collection, analyses or interpretation, or in the writing of this report. The corresponding author had full access to all the data in this study as well as responsibility for the decision to submit for publication.
Results
The consort diagram (Figure 1) shows patient flow through the two years of the EXCITE program for those individuals receiving CIMT immediately and one year after enrollment (delayed) and reasons for withdrawal from the trial. This paper addresses only one arm of the EXCITE trial, immediate participants of whom 21.7% had dropped out at one year and 33.9% at trial's end (24 months). These rates were 15.1% and 23.6% for 12 and 24 months, respectively if drop outs caused by death or deteriorating medical status are not included. Table 1 shows least-square means for individual time points (Pre-CIMT, Post-CIMT, Month 12, Month 24). It also presents results for "Improvement" and "Retention". Finally, the mean for all post-training points, as well as a 95 % confidence bound around this value are shown. The tests of "improvement" indicate that, in all cases except for SIS Memory-Thinking, improvement occurs as a result of CIMT training. The tests for "Retention" are presented as 95 % CI in Table 1 . For the WMFT time values and the MAL items, the treatment effect observed at 12 months was not eroded; moreover, the average change was in the direction of an additional treatment effect. For the Weight to Box (WMFT-WTB) and Grip Strength (WMFT-GS) tasks, the difference is significant. For the SIS domains, all 5 of the presented scales show continued improvement. Thus, "retention" is shown for all terms. The final column in Table 1 is the mean of all post-training values, with associated 95 % CI.
Impact of Moderating Factors
In general, results for each of the moderating factors in Table 2 were similar to those of the entire group. In most cases, "Improvement" is significant while "Retention" is not significant (thus supporting retention). Differences are detailed below.
Functional Level
For the High Functioning participants, SIS scales show significant differences in the Retain terms, and this observation is due to continued improvement among these individuals. For the Low Function group, a number of the SIS factors fail to show significant "improvement" (SIS Typical Activities, SIS Physical Problems), while SIS Meaningful Activities shows significance for the "retention" test.
Concordance
For non-dominant hand paresis (Discordant) and for dominant hand paresis (Concordant), improvement is seen for all variables except SIS Physical Problems and Memory Thinking domains. For the test of "Retention," SIS domains show significant further improvements among Concordant participants in the Strength and Social Participation domains. For
Discordant participants, only SIS Social Participation and SIS ADL/IADL Activities show significant "Retention" results, again based on continued improvement.
Gender
For Male and Female participants, results for "Improvement" are similar, save for a significant difference in the SIS Physical Problems and Memory-Thinking domains among Females. For "Retention," there are significant results for Males on SIS domains, but not for Females.
Discussion
Results from the EXCITE Trial demonstrated that CIMT produced statistically and clinically meaningful improvements in the WMFT, MAL and Hand Function domain of the SIS compared to those seen in participants receiving usual and customary care after the intervention and 1 year later.15 When examined by functional level, concordance or gender, results did not change on the WMFT and the MAL. While the number of randomized clinical trials in stroke neurorehabilitation is growing, to date none of them has documented the retention of CIMT past one year. Therefore, the present findings extend previous observations by showing that the improvements in function noted at 12 months following a 2-week CIMT intervention are retained or improve even further WMFT strength tasks, SIS domains 1,2,5, 8 and physical domain. Collectively these observations highlight the possibility of further improvements in the upper extremities of mild to moderately impaired stroke survivors beyond one year following a 2-week CIMT intervention.
Grip strength improved over 24 months among all participants irrespective of concordance or gender. The weight-to-box (WTB) UE strength task improved in higher functioning participants without respect to concordance or gender and these improvements were retained.
The mean WMFT time approached 11 seconds during the follow-up year, which fulfills a prediction of a greater than 50% level of recovery following CIMT.27 Grip strength is a reasonable proxy for overall UE strength,28 and the continued improvement observed in HF participants, who were stronger than LF participants at baseline,23 may reflect continued use of the more affected UE in activities of daily living to a greater extent than did LF participants. WTB strength is specific for shoulder musculature. The literature on strength changes in hemiparetic upper extremity muscles is equivocal with indications that while improved strength is possible,29 the functional ramifications of such changes are uncertain. 30 Given that LF participants demonstrated half the strength of their HF counterparts prior to treatment23, their lack of comparable improvement in strength on this task would not be surprising. During the first 12 months, higher and lower functioning patients receiving CIMT did not have significantly different treatment effects.15 However over the next 12 months, while both groups improved, the significant interaction seen in WMFT times and grip strength, was caused by more substantial improvements in the higher functioning cohort. Such differences might be manifest in the potential for cortical plasticity to be more profound among higher functioning patients, a notion that is supported by enlarged cortical representation following CIMT in higher functioning, chronic stroke survivors.9 Alternatively, among higher functioning patients manifestations of improved upper extremity capacity may take several months before becoming apparent. 31 Recently we have presented evidence indicating that the intensity of CIMT training or the extent to which training was delivered through repetition of movement or shaping can impact WMFT outcomes.32 Despite these observations, higher functioning participants may well have benefited more than lower functioning participants given the fact that most significant long term changes in the SIS were seen exclusively among them.
MAL scores that had improved following CIMT showed consistency throughout the following year and hovered about a mean score of 2.5, a value associated with a patient perception of more than 50% recovery. 27 This finding suggests that patients demonstrated consistency in how they rated their amount of use or quality of movement through the second year.
The additional improvements in SIS domains observed over the 24 month interval for Strength (domain 1), ADL/IADL (domain 5) and Social Participation (domain 8) suggest that initial gains in hand function and use may contribute to secondary changes in functional use of the hand, resulting in increased strength and improved ability to perform activities of daily living and social participation. This observation complements findings by Dettmers et al33 who reported initial changes in hand function after distributed CIMT with subsequent improvement in social participation, measured by the SIS. The relationship between dexterity (Hand Function), strength and overall function is complex. Strength and dexterity contribute to improved function34, 35 and activities of daily living36; yet, upper extremity function, and not strength or dexterity independently, seems to have the strongest link to health related quality of life or participation. 35 In this regard the improvements in physical function may have had extended benefits in improving social participation. This possibility is particularly important, because gains in participation reflect active engagement in activities for one's overall well being.37
The inter-relationships of strength, dexterity, and function are even more convoluted when moderating factors (concordance, gender) are examined. Here, changes in the strength subscale of the SIS were greater for higher functioning concordant subjects, and gains in ADL/IADL continued to improve in the second year following the intervention in men. In a sub-study of EXCITE participants that evaluated factors impacting quality of life, concordance affected overall quality of life across the SIS domains at baseline.38 With respect to strength changes, Matsuoka and colleagues39 have shown that among righthanded stroke survivors those with left hemispheric lesions (concordant) demonstrated a trend toward decreased strength subsequent to 6 weeks of bilateral arm training, compared to an increase in strength for right hemispheric lesions (discordant), which differs from the present study; however that investigation involved both genders and did not preferentially target hemiparetic hand training. Male gender has also been previously reported to have a three fold impact on recovery of ADL skills, which was thought to be associated with the greater strength levels in men or the increased willingness of women to solicit help. 40 Clearly, the role of concordance and gender on quality of life activities bears further scrutiny.
The fact that memory-thinking domain of the SIS did not change after administration of CIMT is consistent with observations made by Dettmers et al33 who applied the same amount of CIMT over a longer time period and at a six month follow up. The lack of change in this domain is not surprising given that CIMT does not target cognitive function. In general, our stroke survivors achieved a higher quality of life that persisted over time, which is an ultimate goal of rehabilitation.
In conclusion, we found that the improvements in functional gains following the provision of a standardized 2-week CIMT program that were still present at 12 months were retained for an additional year. Significant differences post-training indicate continued improvement over that period. Specific gains in upper extremity strength improved further during the second year. The original gains in the Hand Function domain of the SIS were still present two years following the intervention (data not shown), but improvements in Strength, ADL/ IADL, and Social Participation domains were now apparent as well. These results emphasize the importance of long-term follow-up in rehabilitation clinical trials to determine more adequately the full extent of effects from therapeutic interventions.
Figure1.
Consort diagram showing enrollment, allocation, follow-up and analyses for EXCITE Trial participants. Note that the data presented for this paper address only those participants in the immediate group (left column). Table 2 Tests 
